The typical form of therapy in the treatment of human immunodeficiency virus (HIV) infection uses several potent antiretroviral drugs in combination (4) . Combination therapy suppresses HIV replication to levels below the detection limit of sensitive assays for the detection of HIV type 1 (HIV-1) RNA in plasma and prevents the emergence of drug-resistant viruses. However, currently available antiretroviral agents are limited in number and in their mechanisms of action, with cross-resistance often observed between agents. Therefore, the availability of successful treatment options depends on the development of new antiretroviral agents with unique mechanisms of action and resistance profiles as well as limited toxicity and drug interactions.
Abacavir (1592U89) is a 2Ј-deoxyguanosine analog which has been shown to have potent antiretroviral properties in in vitro studies. Abacavir is phosphorylated by a unique metabolic pathway to carbocyclic guanosine triphosphate, which is a potent inhibitor of HIV-1 reverse transcriptase (8) . Abacavir has been demonstrated to have synergistic activity in vitro against HIV-1 when it is used in combination with zidovudine (ZDV), nevirapine, and amprenavir (141W94) in MT4 cells (25) . Additive and/or synergistic effects with the other nucleoside analogs (didanosine, zalcitabine, stavudine, and lamivudine [3TC]) were also noted (7) . The cross-resistance of abacavir with other nucleoside reverse transcriptase inhibitors has been extensively studied (16, 28) . In a study of 943 clinical isolates from HIV-1-infected patients, most of whom had been previously treated with ZDV and/or 3TC, Ͼ95% of isolates resistant to ZDV alone, 3TC alone, or one to three other nucleoside reverse transcriptase inhibitors (didanosine, stavudine, or zalcitabine) remained susceptible to abacavir (16) .
Early phase I-II trials have shown that abacavir demonstrates favorable safety and desirable pharmacokinetic characteristics that warrant further clinical development. Following administration of a single oral dose of abacavir to HIV-in-fected adults and children, abacavir is rapidly and well absorbed, with peak concentrations in plasma (C max ) occurring within 1 to 2 h after dosing (12, 15) . Abacavir is rapidly eliminated from the plasma, with an elimination half-life (t 1/2 ) of 1 to 2 h primarily via hepatic metabolism (i.e., glucuronidation or oxidation by alcohol dehydrogenase), with Յ3% of the oral dose excreted unchanged in urine (15, 20) .
In vitro studies have shown that abacavir is unlikely to interact with drugs that are metabolized by the human liver microsomal cytochrome P-450 (CYP3A4, CYP2D6, and CYP2C9) enzymes (20) . The primary metabolic pathways of abacavir are mediated by microsomal UDP-glucuronyl transferase and cytosolic alcohol dehydrogenase (20) , which indicates that the potential for drug interactions in HIV-infected patients is limited. However, it may be important to determine if potential pharmacokinetic interactions may exist between abacavir and coadministered drugs that are extensively eliminated via the glucuronidation pathway, e.g., ZDV.
The observations that abacavir, ZDV, and 3TC act synergistically in vitro and that viral strains resistant to ZDV or 3TC are not cross-resistant to abacavir suggest that a combination of ZDV or 3TC and abacavir may be clinically beneficial. Thus, the present study (CNAA1002) was undertaken prior to phase II-III clinical trials to evaluate the potential pharmacokinetic interactions of abacavir, ZDV, and 3TC administered alone and concurrently in two-and three-drug combinations. If significant pharmacokinetic interactions had been shown to exist, then the results of this study would have assisted in the selection of the doses for the three-drug combination used in phase II-III efficacy and safety assessments.
(Preliminary data from this study were presented in part at the Third International Congress on Drug Therapy in HIV Infection, Birmingham, United Kingdom, November 1996 [26] .)
MATERIALS AND METHODS
Study population. Eligible subjects included HIV-positive, asymptomatic male and female subjects between 18 and 55 years of age with a body weight of 55 to 85 kg. The subjects had tested positive for antibody to HIV-1 (by a positive HIV-1 enzyme-linked immunosorbent assay result, with the positive result confirmed by Western blotting, positive HIV-1 blood culture, or a positive HIV-1 serum antigen test). Subjects were excluded from the study if they had AIDS or a CD4 ϩ cell count of Յ200 cells/mm 3 ; were taking investigational drugs or drugs known to influence the metabolism or disposition of other drugs (e.g., inducers or inhibitors of the P-450 cytochrome system); had a history of hypersensitivity or anaphylactic or idiosyncratic reaction to nucleoside analogues; or had abnormal laboratory test results within 14 days prior to the first day of dosing, including anemia (hemoglobin concentrations, Ͻ10 g/dl for women and Ͻ11 g/dl for men), neutropenia (neutrophil count, Ͻ1,000 c/mm 3 ), thrombocytopenia (platelet count, Ͻ75,000/mm 3 ), elevated liver function tests (aspartate aminotransferase [serum glutamic oxalacetic transaminase] or alanine aminotransferase [serum glutamic pyruvic transaminase] levels two or more times above the upper limit of normal), or renal function impairment (estimated creatinine clearance, Յ40 ml/min). Subjects were also excluded from enrollment in the study if they had a history of pancreatitis or hepatitis within the last 3 years, had a malabsorption disorder, were current alcohol, tobacco, or illicit drug users, or were pregnant or nursing. All prescription and over-the-counter medications were withheld for 48 h (or 24 h for antiretroviral agents and prophylactic agents for opportunistic infections) prior to the first day of dosing and until discharge from the study center. The study was approved by a duly constituted institutional review board, and written informed consent was obtained from all participants.
Study design. The study described here was an open-label, randomized, sevenperiod crossover study conducted at a single study center. The treatments comprised seven regimens each administered on a separate day (denoted as dosing days 1 to 7). The seven regimens consisted of the following: 600 mg of abacavir, 300 mg of ZDV, 150 mg of 3TC, 600 mg of abacavir plus 300 mg of ZDV, 600 mg of abacavir plus 150 mg of 3TC, 300 mg of ZDV plus 150 mg of 3TC, and 600 mg of abacavir plus 300 mg of ZDV and 150 mg of 3TC. The order of the treatment regimens administered to each subject was randomized on the basis of two 7-by-7 William's square design. Fourteen subjects were sufficient to produce a balanced design for a meaningful assessment. The dose of abacavir evaluated (600 mg) was the highest single dose used in ongoing clinical trials with adult HIV-infected subjects, while the doses of ZDV (300 mg) and 3TC (150 mg) were those currently approved for use in the treatment of HIV infection. The study drugs were supplied as abacavir caplets containing 100 mg of abacavir free base as the succinate salt, Retrovir capsules containing 100 mg of ZDV, and Epivir tablets containing 150 mg of 3TC.
Subjects reported to the study center the night before dosing day 1 and remained at the center until completion of the 24-h postdosing procedures for dosing day 7. Because of the short t 1/2 s of all of these compounds, this crossover study was designed with a 48-h washout period between doses to allow for the evaluation of treatment effects with minimal carryover or residual drug concentrations from previous doses. Thus, subjects remained at the study center for a total of 14 days and nights. All subjects fasted for at least 8 h before each treatment regimen and for an additional 4 h postdosing. Standard meals were provided while the subjects were at the study center.
Blood and urine collection. Blood samples (3 ml for single-drug regimens and 6 ml for two-or three-drug regimens) were collected by venipuncture and were placed into Vacutainer tubes containing powdered dipotassium ethylenediaminetetraacetic acid. A total of 17 blood samples were obtained from each subject during each dosing day: at approximately 30 min before dosing and at 0.25, 0.5, 0.75, 1, 1.5, 2, 2.5, 3, 4, 5, 6, 8, 10, 12, 16 , and 24 h post dosing. Blood samples were centrifuged within 30 min of collection to separate the plasma. Urine samples were collected during each dosing day at 5 min before dosing and over the intervals of 0 to 4, 4 to 8, 8 to 12, and 12 to 24 h postdosing. Plasma and urine samples were stored at Ϫ40°C or lower until they were analyzed.
Abacavir assay. Plasma abacavir concentrations were determined by a validated reversed-phase high-performance liquid chromatography assay with UV detection over a quantifiable range of 25 to 5,000 ng/ml. Briefly, 0.1 ml of 10% trichloroacetic acid was added to 0.2 ml of plasma samples, and the components were mixed by vortexing and centrifuged at 8,800 ϫ g for 10 min. The supernatant (0.1 ml) was then injected onto a Rainin (4.6 by 250 mm) C-18 Microsorb MV column (Varian, Walnut Creek, Calif.). The mobile phase consisted of 40% methanol in phosphate-triethylamine at a flow rate of 1.0 ml/min. Abacavir was detected by measuring UV absorbance at 284 nm. The approximate retention time for abacavir was 9 min under these conditions. The interday variability (percent coefficient of variation) was Ͻ14%, and the bias of the assay was Ͻ2%.
ZDV and GZDV assay. Plasma and urine ZDV and ZDV 5Ј-glucuronide (GZDV) concentrations were determined by a validated radioimmunoassay by using the commercially available IncStar ZDV-Trac kit (IncStar, Inc., Stillwater, Minn.) with radioimmunoassay detection, as described previously (27) . GZDV was hydrolyzed by ␤-glucuronidase to ZDV prior to radioimmunoassay. GZDV concentrations were calculated as the difference between the concentration of ZDV (including ZDV from hydrolyzed GZDV) and the concentration of ZDV before hydrolysis of GZDV. For the plasma samples, the quantifiable range for ZDV was 0.1 to 270 g/ml. The interday variability was Ͻ15% for ZDV or Ͻ20% for GZDV, and the bias was Ͻ15% for ZDV or Ͻ8% for GZDV. For the urine samples, the quantifiable range for ZDV was 0.27 to 270 g/ml. The interday variability was Ͻ16% for ZDV or Ͻ17% for GZDV, and the bias was Ͻ15% for ZDV or Ͻ14% for GZDV.
3TC assay. Plasma 3TC concentrations were determined over a quantifiable range of 3 to 5,000 ng/ml (10) . Each plasma sample (0.5 ml) was combined with 1% acetic acid containing internal standard. The sample was vortexed and processed through solid-phase extraction with Certify (Varian) cartridges. The analytes were selectively eluted and concentrated prior to analysis by highperformance liquid chromatography. Reverse-phase chromatography was performed with reconstituted samples by using a BDS-Hypersil-C 18 (250 by 4.6 mm) 5-m column with a Supelco LC18 guard column. The mobile phase was 6 mM heptanesulfonic acid in 200 mM acetate buffer (pH 4.75)-methanol (91:9) (vol/ vol). The interday variability was Ͻ10%, and the bias was Ͻ3% of the theoretical level for all quality control levels.
Safety evaluation. The safety and tolerability of the study drugs were evaluated on the basis of clinical adverse experiences, vital signs, clinical laboratory test results, physical examinations, and electrocardiograms. The severity (mild, moderate, or severe), duration, and potential relationship of any adverse events to study drug (unrelated or possibly, probably, or almost certainly related) were assessed by the investigator and were recorded. The AIDS Clinical Trials Group Toxicity Grading Scale was used to evaluate abnormal laboratory values. Vital signs (sitting blood pressure and pulse), routine hematology results (complete blood count with differential, mean corpuscular volume, hemoglobin, and platelet count), clinical chemistry results (electrolyte, aspartate transaminase, alanine transaminase, total bilirubin, creatinine, albumin, glucose, alkaline phosphatase, and serum amylase levels), and urinalysis results (dipstick for protein and blood) were evaluated at screening, just before the administration of each dose, at 24-h postdosing on dosing day 7, and at a follow-up visit.
Pharmacokinetic analysis. Individual plasma concentration-time data were analyzed by noncompartmental pharmacokinetic methods (WinNonlin Program, version 01.5A; Scientific Consulting Inc., Cary, N.C.). C max and the time to C max (T max ) were obtained from direct inspection of the plasma concentration-time profile. Estimates for t 1/2 were calculated as ln(2)/ z , where z is the terminal elimination rate constant and is the first-order rate constant determined by the slope of the linear regression line of the apparent terminal linear portion of the log concentration-versus-time curve. The area under the curve (AUC) from time zero to time t, (AUC 0-t ) where t is the last time point with a measurable concentration of the compound of interest, was calculated by the linear trape-zoidal rule. AUC from time zero to infinity (AUC 0-ϱ ) was then determined as AUC 0-t ϩ C last / z , where C last is the last measurable concentration of the compound of interest. Apparent clearance from plasma (CL/F) was calculated as dose divided by AUC 0-ϱ .
Statistical analysis. Data for all subjects who completed the seven regimens were included in the statistical analysis. The primary analysis was performed with log-transformed parameters (AUC 0-ϱ , C max , t 1/2 , and CL/F). Analyses to test for carryover effects were also performed. Differences among the regimens for each analyte (i.e., abacavir, ZDV, GZDV, and 3TC) were analyzed by analysis of variance with the PROC GLM and PROC MIXED procedure (SAS, version 6.12; SAS Institute Inc., Cary, N.C.). The analysis included period and treatment as fixed effects and subject as the random effect. Geometric least-square means (LSM) and the 95% confidence intervals (CIs) for the means were calculated for each parameter after each treatment. The test treatment to reference treatment geometric LSM ratio and the corresponding 90% CI were calculated to assess whether there was a pharmacokinetic interaction between any two treatment regimens. Treatments were considered to have no pharmacokinetic interaction if the 90% CI of the estimated geometric LSM ratio was within the range of 0.80 to 1.25. In cases in which the 90% CI was outside of the range of 0.80 to 1.25, differences between treatments are not necessarily considered "clinically significant." Nonparametric methods were used to compute the 95% CI of the median T max values for each treatment. The 90% CI for the median difference in T max between treatments was calculated by using the Wilcoxon signed rank test (6) . For T max , differences between treatments were not considered statistically significant if the 90% CI of the estimated median difference contained the value zero.
Urinary excretion data (percentage of the ZDV dose recovered in urine as ZDV or GZDV) collected for the 13 subjects who completed all seven regimens were analyzed as untransformed data. The percentage of the dose recovered in urine as ZDV and GZDV was compared among treatments with the SAS PROC MIXED procedure. The test treatment-to-reference treatment LSM ratio and the corresponding 90% CI were calculated to assess whether there was a pharmacokinetic interaction between treatment regimens. No interaction was considered between regimens if the 90% CI of the corresponding LSM ratio was within the range of 0.80 to 1.20.
RESULTS
Fifteen HIV-infected adults (13 men and 2 women) were enrolled in the study, with 13 subjects completing all seven regimens. The subjects had a mean age of 33.1 years (age range, 20 to 40 years), a mean weight of 70.1 kg (weight range, 57.2 to 90.3 kg), and a median CD4 ϩ count of 347 cells/mm 3 (CD4 ϩ count range, 238 to 570 cells/mm 3 ). The HIV status of seven enrolled subjects was classified as asymptomatic (Centers for Disease Control and Prevention classification A), and the other eight were symptomatic but did not have AIDS (Centers for Disease Control and Prevention classification B). Ten subjects were black, four subjects were white, and one subject was of other ethnic origin.
Two subjects were prematurely discontinued from the study after successive positive urine dipstick results for blood and protein were recorded. The condition was preexisting in the one subject who withdrew after two regimens (abacavir alone and ZDV alone) but appeared to develop in the second subject who withdrew after three regimens (abacavir alone, ZDV alone, and abacavir-ZDV-3TC).
Pharmacokinetic evaluation. The mean abacavir concentration-versus-time plots are almost superimposable between the four abacavir-containing regimens (Fig. 1) . The mean plasma ZDV, GZDV, and 3TC concentration-versus-time plots after the two abacavir-containing regimens have slightly delayed T max s and reduced C max s compared with those for the two regimens without abacavir (Fig. 2 and 3) . The mean and percent coefficient of variation pharmacokinetic parameter estimates for abacavir, ZDV, GZDV, and 3TC following each treatment regimen are presented in Table 1 .
The 90% CIs of the geometric LSM ratios for all abacavir parameters (except T max ) for each treatment comparison were well within the range of 0.80 to 1.25, indicating that no pharmacokinetic interactions were found between treatments containing abacavir ( Table 2 ). The 90% CI for T max contained the value 0, indicating that there were no significant differences between treatments containing abacavir. No carryover effect was observed for the abacavir parameters.
The 90% CIs of the geometric LSM ratios for ZDV and GZDV parameters (for ZDV-3TC versus ZDV alone) and 3TC parameters (for ZDV-3TC versus 3TC alone) were within Table 3 ). The mean C max ratio was 0.94, with a 90% CI of 0.77 to 1.15, indicating a slight decrease in C max (from 1.52 to 1.43 g/ml) which was not clinically significant. Thus, no statistically or clinically significant pharmacokinetic interactions were found between ZDV and 3TC.
The 90% CIs of the geometric LSM ratios for the C max of ZDV for the abacavir-ZDV or abacavir-ZDV-3TC versus ZDV treatment comparisons were below the range of 0.80 to 1.25 (Table 3 ). Mean C max of ZDV decreased by approximately 20% (from 1.52 to 1.22 or 1.17 g/ml), and the T max of ZDV was delayed by approximately 0.5 h (from 0.5 to 1.0 h) when abacavir was given concurrently with or without 3TC. There were no differences in the AUC 0-ϱ or t 1/2 of ZDV between any treatments.
The 90% CIs of the geometric LSM ratios for the AUC 0-ϱ for GZDV for the abacavir-ZDV or abacavir-ZDV-3TC versus ZDV treatment comparisons were above the range of 0.80 to 1.25 (Table 4) . The mean AUC 0-ϱ for GZDV increased by approximately 32 to 40% (from 11.8 to 16.5 or 15.6 g ⅐ h/ml), and the T max for GZDV was delayed by approximately 0.5 h (from 0.75 to 1.5 or 1.0 h) when abacavir was given concurrently with ZDV with or without 3TC. The 90% CI of the geometric LSM ratio for the C max of GZDV between any two treatment comparisons was within the range of 0.80 to 1.25 for all treatment comparisons except for the abacavir-ZDV-3TC versus ZDV treatment comparison ( Table 4 ). The mean C max decreased slightly (from 9.11 to 8.15 g/ml) for the abacavir-ZDV-3TC versus ZDV treatment comparison, but this difference was not clinically significant. There were no significant differences in the t 1/2 of GZDV between any of the treatments. No carryover effect was observed for pharmacokinetic parameters for ZDV or GZDV.
The 90% CIs of the geometric LSM ratios for the AUC 0-ϱ and C max parameters for 3TC for the abacavir-3TC or abacavir-ZDV-3TC versus 3TC treatment comparisons were below the range of 0.80 to 1.25 ( Table 5 ). The mean AUC 0-ϱ for 3TC decreased by approximately 15% (from 5.09 to 4.29 or 4.39 g ⅐ h/ml) and the mean C max of 3TC decreased by approximately 35% (from 1.40 to 0.91 or 0.89 g/ml) when abacavir was given concurrently with 3TC with or without ZDV. Abacavir caused a 1-h delay in the T max for 3TC (from 0.75 to 1.5 or 2.0 h), and no difference was observed in t 1/2 estimates for 3TC between any treatments. No carryover effect was observed for AUC parameters for 3TC, but a borderline carryover effect was observed for C max and t 1/2 estimates for 3TC.
Urinary excretion data. The arithmetic LSM (and the corresponding 95% CIs) for the percentage of the dose recovered in urine as ZDV were 13.3 (11.4 to 15.3), 11.5 (9.4 to 13.5), 14.4 (12.3 to 16.6), and 13.4 (11.3 to 15.5) for the ZDV alone, abacavir-ZDV, ZDV-3TC, and abacavir-ZDV-3TC treatment regimens, respectively. The arithmetic LSM (and the corresponding 95% CIs for the percentage of the dose recovered in urine as GZDV were 74.4 (66.2 to 82.6), 69.3 (60.7 to 77.9), 76.1 (67.1 to 85.1), and 79.6 (70.6 to 88.6) for the ZDV alone, abacavir-ZDV, ZDV-3TC, and abacavir-ZDV-3TC treatment regimens, respectively. The 90% CIs of the LSM ratios for each treatment comparison (versus ZDV alone) were within the range of 0.80 to 1.20 for all treatment comparisons for GZDV. In contrast, for ZDV, both the abacavir-ZDV versus ZDV and the ZDV-3TC versus ZDV comparisons were outside the range of 0.80 to 1.20. The percentage of the dose excreted as ZDV in the urine decreased by 14% in the presence of abacavir but increased by 8% in the presence of 3TC. Overall, the extent of urinary recoveries of ZDV and GZDV was not significantly different when ZDV was coadministered with 3TC and/or abacavir. No carryover effect was observed.
Safety. Abacavir was well tolerated when it was administered alone or in combination with ZDV and/or 3TC, with no serious adverse events or deaths. All adverse events following treatment with abacavir-containing regimens were recorded as mild or moderate in intensity. The number of subjects and the number of drug-related adverse events following abacavir, ZDV, and 3TC treatments alone were 4 and 8, 3 and 3, and 1 and 1, respectively. The adverse events with abacavir alone were headache, nausea, lymphadenopathy, hematuria, musculoskeletal chest pain, neck stiffness, and fever. No hypersensitivity reaction was observed among the subjects who received abacavir. The number of subjects and the number of drug- related adverse events following treatments with abacavir-ZDV, abacavir-3TC, ZDV-3TC, and abacavir-ZDV-3TC were 2 and 3, 3 and 4, 1 and 1, and 7 and 9, respectively. The adverse events reported following the addition of ZDV or 3TC to the abacavir regimen were similar to those reported for abacavir given alone, while adverse events associated with the threedrug regimen were mainly gastrointestinal events, including nausea, diarrhea, colic, epigastric pain, and vomiting. Median values from clinical chemistry and hematology studies were recorded during treatment but were unaffected by administration of study drugs.
DISCUSSION
The results of this study indicate that neither ZDV nor 3TC coadministration with abacavir affected abacavir pharmacokinetics. The abacavir pharmacokinetic parameter estimates obtained in this study are consistent with those obtained previously from a single-dose study with HIV-infected adults (15) . In contrast, the pharmacokinetics of ZDV and/or 3TC were moderately affected by coadministration with abacavir, and the observed changes were consistent with a delay in the absorption of the two nucleosides from the gastrointestinal tract. This degree of pharmacokinetic interaction is not believed to be clinically significant. Results also confirm previous findings that the pharmacokinetics of ZDV or 3TC were not affected by coadministration with each other (11, 19) . The urinary excretion data for ZDV and GZDV similarly indicated a lack of pharmacokinetic interaction between ZDV and 3TC.
Abacavir appeared to delay the absorption of ZDV (as indicated by the 0.5-h delay in T max and the 20% decrease in the mean C max for ZDV). However, abacavir did not significantly affect either the extent of absorption or the elimination of ZDV, as indicated by an absence of significant changes in the AUC 0-ϱ for ZDV, and t 1/2 , respectively. Studies by Shelton et al. (22) and Unadkat et al. (30) have reported that food caused a 45% decrease in the mean C max , more than a 1-h delay in T max , and a 10 to 24% decrease in the mean AUC 0-ϱ for ZDV. Thus, the effect of abacavir on ZDV is similar to the changes in ZDV pharmacokinetics caused by food intake, but the magnitude of the changes is smaller. The 20% decrease in the mean C max of ZDV caused by abacavir is not considered to be clinically significant.
The coadministration of ZDV and abacavir appears to increase the overall plasma exposure to GZDV (as indicated by the increase in the mean AUC 0-ϱ for GZDV up to 40%) but had little effect on the C max of GZDV. Because GZDV is not pharmacologically active and has little toxicological potential compared with ZDV (5), the 40% increase in the mean AUC 0-ϱ for GZDV should have little clinical relevance. Furthermore, the urinary excretion data for ZDV and GZDV showed no clinically significant differences in the urinary recoveries of these compounds, indicating that the overall amount of ZDV absorbed and the metabolism of ZDV by glucuronidation were unchanged in the presence of abacavir. These results also support the finding of a lack of a clinically significant interaction between abacavir and ZDV. The urinary recovery results obtained in our study for ZDV (11 to 14%) and GZDV (69 to 80%) are also consistent with values reported previously (3) .
The approximately 40% increase in the mean AUC 0-ϱ for GZDV by abacavir (together with unchanged urinary excretion data and t 1/2 ) suggest that abacavir (or a metabolite) may reduce the renal clearance of GZDV. Because the elimination of both GZDV and abacavir are dependent on renal excretion, the reduced renal clearance of GZDV could be due to a competitive inhibition of tubular secretion by abacavir or a metabolite(s). An increased AUC 0-ϱ , together with reduced renal clearance and reduced urinary recovery of GZDV, has been reported for other drug combinations, including ZDV and didanosine administered concurrently (2, 17) .
Abacavir appeared to delay the absorption and slightly decrease the extent of plasma exposure to 3TC (as indicated by the 35% decrease in the mean C max , the 1-h delay in the mean T max , and the 15% decrease in the mean AUC 0-ϱ ) but had no significant effect on the t 1/2 of 3TC. A study by Angel et al. (1) has reported that the effect of a high-fat meal on a single dose of 50 mg of 3TC reduced the mean C max by 47%, delayed T max by over 2 h, but did not significantly affect AUC 0-ϱ or the fraction of the dose excreted in urine. Thus, the effect of abacavir on 3TC pharmacokinetics appears to be similar to that caused by food intake, but the magnitude was smaller. The 15% decrease in the mean AUC 0-ϱ is not considered clinically significant and may be attributed to a decrease in the extent of oral bioavailability or an increase in the renal clearance of 3TC. The carryover effect noted for the 3TC parameters between treatments could be due to the short interval (48 h) between the administration of each dose and the relatively sensitive assay for 3TC concentrations in plasma. This effect is not considered significant.
Abacavir was generally well tolerated when it was administered alone or in combination with ZDV and/or 3TC. Coadministration of ZDV or 3TC with abacavir did not increase the frequency or severity of adverse events that were reported, while the three-drug regimen was primarily associated with the occurrence of gastrointestinal adverse events. The favorable safety profile of abacavir reported in this study is consistent with those observed in previous studies (12, 15) . No hypersensitivity reaction was observed among subjects who received abacavir.
Potential interactions of the nucleoside analogs or their metabolites must also be investigated at the intracellular level for any changes in intracellular phosphorylation, which in turn may affect antiviral activity. Abacavir, ZDV, and 3TC exert their antiviral effects only after intracellular sequential phosphorylation by cellular kinases to the active metabolite, the triphosphate derivative (7, 9, 13) . Because the three drugs are activated by different metabolic pathways, it is unlikely that there will be interferences of the intracellular metabolic activation of any one drug by the other two drugs. This is supported by early results of durable anti-HIV activity observed in clinical trials of abacavir combined with ZDV, 3TC, and other antiretroviral agents in antiretroviral agent-naive and -experienced patients (14, 18, 21, 23, 24, 29) .
In conclusion, this single-dose study indicates that, with a 600-mg dose of abacavir, there were no clinically significant pharmacokinetic interactions between abacavir, ZDV, and 3TC. This study also shows that abacavir used at twice the recommended dose in combination with ZDV and/or 3TC does not produce increased drug toxicity. Studies are ongoing to evaluate the antiretroviral efficacy and safety of long-term therapy with this triple-drug combination. Values are ratios of geometric LSM for test treatment to geometric LSM for reference treatment.
